In this paper a stochastic model for a single unit repairable system with Preventive Maintenance (PM) under warranty is analyzed in details by using supplementary variable technique.The cost of repair during warranty is born by the manufacturers, but warranty does not apply to product failure due to user-induced damage such as cracked screen or cracked casing, accident, misuse, physical damage, damage due to liquid and unauthorized modifications etc. within warranty period. Unit goes under PM during warranty and works as new after PM. There is a single server who always remains with the system. The time to failure of the system follows negative exponential distribution while PM and repair time distributions are taken as arbitrary. The expressions for some economic measures such as reliability, mean time to system failure (MTSF) and availability have been derived.A particular case is considered to highlight the behaviour of reliability and profit function.
INTRODUCTION
Single-unit systems have been widely studied in the literatue of reliability due to their frequent use in mordern bussiness and industries. Many researchers including Arekar et al. [1] , Kadyan et al. [3] , Kadyan and Promila [4] , Kharoufeh J.P. et al. [5] , Malik et al. [6] , Proctor and Singh [7] , Shakuntla et al. [8] and Uematsu and Nishida [9] have analysed single-unit sysytems under a common assumption that the unit works continuously till failure without undergoing PM. The continued operation of the systems may reduce performance and reliability of the system.Therefore, PM of the unit is necessary after a specific period of time at any stage of operation to improve the reliability and availability of the system because the cost to repair the system after its failure is greater than the cost of maintaining the system before its failure. Jin et al. [10] have studied reliability models with PM and without considering any warranty and service contract. But, warranty acts as an insurance in the event of an early failure of the product. Better warranty terms serve as an indicator of the reliability of the product and may increase sales.
However, the concept of single-unit system with PM under warranty has not appeared in the literature so far Thus, in view of the above observations here we analyzed a single unit repairable system with PM under warranty by using supplementary variable technique.The cost of repair during warranty is born by the manufacturers, but warranty does not apply to product failure due to user-induced damage such as cracked screen or cracked casing, accident, misuse, physical damage, damage due to liquid and unauthorized modifications etc. within warranty period. Unit goes under PM during warranty and works as new after PM. There is a single server who always remains with the system. The time to failure of the system follows negative exponential distribution while PM and repair time distributions are taken as arbitrary. The expressions for some economic measures such as reliability, MTSF and availability have been derived. A particular case is considered to highlight the behaviour of reliability and profit function.
MODEL ASSUMPTIONS
(1) The system has a single unit (2) There is single server, which is always available with the system. (3) The repair of the unit within warranty is born by the manufacturer. (4) Warranty does not apply to product failure due to user-induced damage within warranty period. (5) PM is made during warranty period. (6) The unit works as new after repair and PM. (7) The distribution of failure time is taken as negative exponential while the PM and repair time are considered as arbitrary. (8) 
The boundary and initial conditions to be satisfied are given below Boundary conditions 
MODEL ANALYSIS 4.1. Solution of the equations
Taking Laplace transforms of equations (1)- (8) and using (9) we obtain
Integrating equation (12) 
where
Using equations (16)- (17) and (19) 
Now, the Laplace transform of the probability that the system is in the failed state is given by   

Provided the limit on the right hand side exists, the following time independent probabilities have been obtained.
Reliability Indices
In order to obtain system reliability, consider repair rates   Proof. Taking Laplace transforms of (38) and (39) and using (9) we get
Using the initial conditions, the solution can be written as
Taking inverse Laplace transform, we get 
THE WARRANTY COST FOR THE MANUFACTURER AND COST FOR THE USER
Suppose that the useful life of the system is L and the warranty period [0, W) includes the second and third state, in this case we compute the warranty cost for the manufacturer and cost for the user as follows.
( 1) 
where M C is the cost for the manufacturer, R C is the repair cost and PM C is the PM cost. 
where B C is the cost for the user. Table- Tables 1, 2, 3 and 4 show the behavior of system reliability. Tables 1, 2 and 3 indicate that the reliability of the system decreases with the increase of failure rates (λ), (λ 1 ) and transition rate (λ m ) with respect to (w.r.t.) time and for fixed values of other parameters. From table 4 it is analyzed that the reliability of the system increases with the decrease of rate of completion of warranty (α) w.r.t. time. Table-5 shows that expected profit H (t) during the interval (0, t] increase with the decrease of repair cost (C R ) from 150 to 50.
INTERPRETATION OF THE RESULTS

CONCLUSION
From tables 1, 2, 3 and 4, it is concluded that a single unit system with PM under warranty can be made more reliable and profitable to use by the following ways: 1) By decreasing the rate of completion of warranty.
2) By decreasing the repair cost. Also, PM during the warranty may provide the consumer better product service in the postwarranty period and reduce the cost of repairing the deteriorated product.
